The 7S and 3S globulin fractions were extracted and characterized from Avena sativa L. seeds which showed similar solubility characteristics and holoprotein size to those of the vicilin fraction in legumes. These holoproteins were characterized by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, isoelectrofocussing, and two-dimensional electrophoresis. Among the components of the oat reserve globulins, the 7S fraction was capable of binding to concanavalin A-Sepharose, thus indicating it to be a glycoprotein. This pattern of the glycosylation of the reserve proteins in oat resembles that observed in certain legume seeds such as Pisum sativum and Glycine max. The results support the notion that the protein components of cereal and legume globulins may be homologous.
Mature oat seeds possess a major salt-soluble (globulin) fraction comprising up to 75 to 80% of total seed protein (14) . The physicochemical properties of this fraction have been studied extensively (3, 13, 16) . Oat globulin has been shown to be a 12S oligomer consisting of two heterogeneous polypeptide groups with average mol wt (Mr)2 of 35 and 23 kD (4, 13) . The in vitro and in vivo synthesis of 12S globulin as 58 to 62 kD precursors has also been demonstrated (1, 10, 16) . Several lines of evidence have so far suggested a close homology between oat 12S globulin and pea IlS legumin (11, 16) .
In most legume seeds, the globulin fraction is classified into two separate fractions, legumin (I IS) and vicilin (2-3S and 7S). The Concanavalin A-Sepharose Chromatography. Con A-Sepharose (Sigma) was washed with 10 volumes of 0.05 M Tris-HCI (pH 7.4), 0.5 M NaCI and incubated end-over-end with protein samples (4 mg/5 ml above buffer) for 30 min at room temperature. The suspension was poured into a column and the nonbound material was removed with 20 ml of the buffer. The bound proteins were then eluted with 20 ml of 0.2 M a-methyl-D-glucoside in the same buffer, and 2-ml fractions were collected. The column was monitored at A280 using an ISCO-UA5 absorbance monitor and type 6 optical unit. The nonbound and bound fractions were made to 10% TCA, and the precipitated proteins were analyzed by SDS-PAGE as described above.
Immunological Techniques. The 12S and 7S protein fractions were purified by the IEP method followed by two cycles of sucrose gradient centrifugation (4) . Antibodies were raised in New Zealand rabbits (2-2.5 kg) essentially as described earlier (10 In addition, the purity of these globulin fractions have been examined using immunodiffusion techniques. Antibodies raised against purifed 12S globulin cross-reacted with the crude vicilin fraction (data not shown). However, the anti-12S IgG did not cross-react with individual 3S and 7S vicilins once they were further purified by sucrose density fractionation (4). This may suggest that the crude vicilin fraction contains trace amounts of the 12S globulin. The anti-1 2S IgG did not react with the albumins (data not shown). These immunodiffusion studies confirmed the efficient separation of the globulin components. Therefore, the purified 12S globulin and the vicilin-like fraction (7S and 3S) were used for further characterization.
A previous investigation on oat globulin holoproteins (4) indicated that several polypeptides in the 12S and 7S fractions comigrated on polyacrylamide gels which raised the possibility of cross-contamination. In our study, this problem was investigated using isoelectrofocusing and two-dimensional electrophoresis (Fig. 1) . The isoelectrophoretic pattern of the 1 2S fraction was similar to that reported earlier for total oat seed globulin (3, The SDS-PAGE (lanes A and B) and IEF (lanes 1 and 2) profiles indicated that many of the vicilin-like polypeptides comigrated with components of globulin a and # subunit groups.
However, two-dimensional analysis (Fig. 1, A and B) showed that the polypeptides with similar isoelectric points in the 12S and 7S + 3S fractions possessed different molecular sizes. Figure  IA shows the two-dimensional pattern of the 12S globulin. This pattern is consistent with the earlier reports on total seed globulin (3, 24). The two major IEF regions of the 7S + 3S fraction had a Mr range of 50 to 70 kD and 48 to 52 kD corresponding to the major vicilin polypeptides (Fig. I B) .
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-ma rkers (8, 15) , and therefore may be referred to as oat vicilins. The oligomeric size and the SDS-PAGE pattern of these minor globulins resembles closely those reported for the vicilin fractions from pea and soybean (8, 15) . The mol wt heterogeneity of 7S and 3S polypeptides, 12 to 75 kD, is also found in pea and soybean vicilins. However, their IEF pattern (Fig. 1, lane 2) differs from that of pea 7S vicilin in the basic region (data not shown). These discrepancies may reflect evolutionary changes in the amino acid sequence of vicilin polypeptides.
Vicilins with sedimentation coefficients of 2-3S and 7S have been identified in many dicotyledons and a few monocotyledons. In most legumes, the vicilin fraction is a major reserve protein.
However, in some nonleguminous dicotyledons including Helianthus annuus, Beta vulgaris, and Telfairnea pedata, the vicilins are only minor constituents and the 12S legumin is major (5). Interestingly, a similar protein ratio seems to exist in the oat endosperm where the vicilin-like fraction comprises only about 5% of the total seed protein. The differential expression of genes coding for these heterogenous polypeptides in oat and legumes may be the result of strict genetic control. The role of these minor globulins as reserve proteins is not yet certain, although they are present in oat endosperm protein bodies (unpublished data).
Repeatedly, salt-soluble vicilin polypeptides in leguminous seeds have been shown to contain a high carbohydrate content (2, 6) . We therefore analyzed separately the 12S and vicilin (7S + 3S) fractions from oat seeds by affinity chromatography on Con A-Sepharose columns to determine whether or not these reserve proteins are also glycosylated. No detectable quantity of the 1 2S globulin bound to the column indicating the absence or low content of carbohydrate in this fraction (Fig. 2) . However, when the 7S + 3S fraction was applied to the Con A-Sepharose column, a high proportion of it did bind to the column (-60%) (Fig. 2) . When both unbound and bound eluates were analyzed by SDS-PAGE, the polypeptides corresponding to the 3S holoproteins were primarily observed in the unbound portion (Fig.  2, lane U) . However, the 40 kD polypeptide ofthe 3S holoprotein could be detected in the bound portion (Fig. 2, lane B) . In contrast, the components of the 7S holoprotein were mostly bound to the affinity column (Fig. 2, lane B) . Together, the data suggest that the major components of the 7S holoprotein from oat is glycosylated. Reserve proteins of several legumes (dicotyledons) including Pisum sativum, Glycine max, Phaseolus vulgaris, Vigna radiata, Lupinus augustifolins, and Lupinus luteus L. have been shown to be glycosylated (2). In P. sativum it has been shown that only the vicilin fraction is a glycoprotein (2). Kitamura et al. (7) Figure 1 . sylated and contains more carbohydrate than I IS glycinin. The significance of the glycosylation of the 40 kD subunit of the 3S holoprotein is not known.
The mechanisms involved in the glycosylation of oat 7S polypeptides are unknown and may be similar to those studied in legumes. Our results are consistent with the notion that the 7S fraction is commonly glycosylated and may indicate that such selective glycosylation of seed proteins also occurs in monocotyledonous plants.
